INTRODUCTION
Staphylococcus lugdunensis (S. lugdunensis) is a coagulase-negative staphylococcus organism. It is typically considered to be a component of the normal flora of the skin. However, more recently, it has also been identified as a pathogen in a variety of infections, particularly in skin and soft tissue [1] . We describe five patients who developed significant skin and soft tissue infections due to S. lugdunensis and review their clinical features and treatments.
CASE SERIES

Case 1
A 70-year-old woman presented for evaluation of a tender lesion on her left lower back in April 2017 ( Fig. 1 ). There was no fever or associated systemic symptoms. Her past medical history was significant for basal cell carcinoma, melanoma in situ, and seronegative rheumatoid arthritis. She was currently being treated with methotrexate.
Nine days prior to presentation, she was at the beach and felt her back being bitten by an insect. The affected area became red and painful and increased in size over the next few days.
Cutaneous examination showed an erythematous patch-the presumed bite site-with an underlying cystic component on the left lower back (Fig. 2) . A small amount of pus was expressed from the lesion and cultured. The bacterial culture grew S. lugdunensis (Table 1) and antibiotic susceptibility testing was performed (Table 2) .
She was treated with incision and drainage; empiric treatment with cephalexin 500 mg, four times daily for 10 days, was also initiated. A wound check performed 5 days later did not show any significant improvement. Therefore, doxycycline 100 mg, twice daily for 10 days, was added. The infection resolved during the subsequent 3 weeks. There was no recurrence of the infection within 60 days following treatment. A 30-year-old man presented for evaluation of a tender lesion on his right great toe in September 2015. There was no fever or associated systemic symptoms. His past medical history was significant for psoriasis and psoriatic arthritis. He was currently being treated with adalimumab and methotrexate.
Cutaneous examination showed erythema of the medial right great toe nail fold with an underlying abscess. A small amount of pus was expressed from the abscess and cultured. The bacterial culture grew S. lugdunensis, Staphylococcus aureus (S. aureus), and Streptococcus agalactiae (S. agalactiae) as the pathogens (Table 1) . Antibiotic susceptibility panels were performed (Table 2) .
He was treated with incision and drainage. Empiric oral antibiotic treatment with cephalexin 500 mg, four times daily for 10 days, was initiated. Six days after starting the antibiotic, the patient mentioned that the infection had improved by 70%. The cephalexin treatment was extended for another 20 days, for a total of 30 days of treatment. One month after the initiation of antibiotic therapy, the patient presented to the office for a wound check; the infection had resolved. After an additional 30 days, there were no signs of infection.
Case 3
A 67-year-old man presented for the evaluation of a tender lesion on his left upper back in February 2015. There was no fever or associated BID, twice daily; M, man; mg, milligrams; QID, four times daily; S. aureus, Staphylococcus aureus; S. lugdunensis, Staphylococcus lugdunensis; S. agalactiae, Streptococcus agalactiae; S. intermedius, Streptococcus intermedius; W, woman a All of the sites of infection clinically presented as cellulitis. Some had an underlying infected cystic lesion, whereas others had an abscess of the nail fold systemic symptoms. His medical history was significant for elevated fasting glucose levels. The lesion initially appeared a few months earlier.
Cutaneous examination showed an inflamed cystic lesion with surrounding erythema on the left upper back. A small amount of pus was expressed from the lesion and cultured. Bacterial culture grew S. lugdunensis (Table 1) and antibiotic susceptibility tests were performed (Table 2) .
He was treated with incision and drainage; empiric oral antibiotic treatment with cefdinir 300 mg, twice daily for 10 days, was initiated. Two days later, the patient reported that he experienced severe diarrhea. Therefore, the cefdinir was stopped and doxycycline 100 mg, twice daily for 10 days, was initiated. The infection resolved within the 10 days of treatment. There was no clinical evidence of recurrent infection 2 months after completion of treatment.
Case 4
A healthy 80-year-old man presented with right index finger pain and swelling in March 2016. There was no fever or associated systemic symptoms. His past medical history was significant for nodular basal cell carcinoma.
The patient stated that a few days prior to the presentation he was doing some gardening and scraped his finger on a plant. He subsequently developed a large blister with localized throbbing, numbness, and redness.
Cutaneous examination showed an abscess with surrounding erythema on the nail fold of the radial aspect of the right index finger. The finger was cleaned and a small amount of pus was expressed from the abscess and cultured. The bacterial culture grew S. lugdunensis and Streptococcus intermedius (S. intermedius) ( Table 1) . Antibiotic susceptibility tests were performed (Table 2) . 
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He was treated with incision and drainage; empiric oral antibiotic treatment was initiated with cephalexin 500 mg, four times daily, and sulfamethoxazole-trimethoprim 800-160 mg, twice daily, for 10 days. The infection resolved within 10 days of treatment. Sixty days following completion of treatment, there were no clinical signs of recurrent infection.
Case 5
An 82-year-old man presented for evaluation of a tender lesion on his left lower back in May 2017. There was no fever or associated systemic symptoms. His past medical history was significant for diabetes mellitus and metastatic lentigo maligna melanoma. He was being treated with pembrolizumab.
Cutaneous examination showed an inflamed cyst with surrounding erythema on the left lower back (Fig. 3) . A small amount of pus from the cyst was expressed and cultured. Bacterial culture grew S. lugdunensis (Table 1 ) and antibiotic susceptibility tests were performed (Table 2) .
He was treated with incision and drainage. Empiric oral antibiotic treatment with cephalexin 500 mg, four times daily for 30 days, was initiated. The infection cleared within the 30 days of the antibiotic regimen (Figs. 4, 5 ). There was no recurrence of the infection 60 days after completion of treatment.
Informed consent was obtained from the patients who were included in the study.
DISCUSSION
Staphylococcus organisms can be coagulase-positive or coagulase-negative. Coagulase is an enzyme produced by many bacteria that allows the conversion of prothrombin to staphylothrombin, which in turn activates the protease activity of thrombin. Activated thrombin catalyzes the conversion of fibrinogen to fibrin and other coagulation-related reactions resulting in the clotting of the blood [2, 3] . Although controversial, it has been postulated that the localized clotting elicited by coagulase can serve as a shield that protects the microorganism from the patient's immune and phagocytic defenses [3] .
Coagulase-positive microorganisms tend to be considered pathogens and are traditionally associated with S. aureus, including methicillin-resistant and methicillin-susceptible strains. Coagulase-negative staphylococci are not able to produce coagulase and are typically considered a component of the normal flora of the skin; they are not usually considered to be pathogens.
Staphylococcus lugdunensis is a coagulase-negative staphylococcus. It was first described by Freney et al. [4] . It is typically considered part of the normal skin flora.
Recently, S. lugdunensis has been implicated as the main pathogen in a variety of infections, including central nervous system infections, endocarditis, endophthalmitis, osteomyelitis, peritonitis, prosthetic joint infections, urinary tract infections, and systemic infections [1, 5, 6] . In addition, an increasing number of the infections caused by S. lugdunensis are skin and soft tissue infections [1, 6, 7] .
Herchline and Ayers [7] performed a study involving 143 patients over a period of 63 months; they examined the occurrence of S. lugdunensis in cultures originating from 155 specimens isolated from all parts of the body. The skin and skin structures represented about 55% of the clinical diagnosis of S. lugdunensis infections, and most of those samples originated from patients' abscesses, cellulitis, or wounds.
Five patients (one woman and four men) developed S. lugdunensis related-skin infections from February 19, 2015 to May 30, 2017 ( Table 1 ). The patients' ages during the onset of the infection ranged from 30 to 82 years; the median age was 70 years. Four of the patients were older than 65 years.
The bacterial cultures from the five patients grew S. lugdunensis. In addition to S. lugdunensis, the bacterial culture from the 30-year-old man grew two other organisms: S. aureus and S. agalactiae (Streptococcus group B) . Also, the bacterial culture of the 80-year-old woman grew one additional organism: S. intermedius. Similar to our two patients whose infections contained not only S. lugdunensis but also other organisms, Herchline and Ayers [7] noted that 60% of the cultures of specimens from their patients infected with S. lugdunensis also grew other microorganisms. Some of these organisms were pathogenic bacteria that can be associated with mixed infections, whereas others were bacteria that reflected the location of the lesion and included some common components of the skin flora [7] .
The back was the most common location for the S. lugdunensis infection, followed by the digits. All of the sites of infection clinically presented as cellulitis. Some had an underlying infected cyst, whereas others had abscess of the nail fold. The lesions were incised or spontaneously ruptured. The initial clinical impression for all of the patients favored an infection caused by S. aureus, which is a prevalent pathogen in our practice. Therefore, all patients were initially treated with antibiotics that would cover methicillin-sensitive S. aureus. Similar to our patients, Bocher et al. [1] also observed that skin and soft tissue infections caused by S. lugdunensis are clinically indistinguishable from those caused by S. aureus.
Staphylococcus lugdunensis can also causes infection in patients with intact immunity. However, three patients were receiving immunosuppressive therapy when their infections occurred. Similarly, the studies provided by Herchline and Ayers [7] also noted that 50% of S. lugdunensis infections occurred in patients who were immunosuppressed or had a prior history of trauma to the site.
The susceptibilities of the cultured strains of S. lugdunensis demonstrated that all of the organisms were sensitive to cefazolin, which is similar to observations made in patients with methicillin-sensitive S. aureus infections. Two patients were treated with cephalexin only. The other patients were treated with the following antibiotics: cephalexin and doxycycline or cefdinir and doxycycline or cephalexin and sulfamethoxazole-trimethoprim ( Table 1) . The patients were treated from 10 to 30 days until complete healing. There was no recurrence of the infection 2 months following treatment.
One limitation of our case series of S. lugdunenesis skin and soft tissue infections is that our methodology is prone to selection bias. The cases were retrospectively selected from among the patients evaluated by bacterial culture during a time period of 27 months. A prospective study in which all patients with suspected skin and soft tissue infections are consecutively screened for inclusion during a predefined time period could provide information on the incidence of skin and soft tissue infections of S. lugdunenesis as compared to those of other pathogenic bacteria.
CONCLUSIONS
Staphylococcus lugdunensis was previously considered a nonpathogenic organism and a component of the normal skin flora. However, S. lugdunensis can cause significant skin and soft tissue infections, and these may be more prevalent in older individuals. We observed S. lugdunensis skin and soft tissue infections in five individuals, four of whom were over 65 years. Three of the five patients were receiving immunosuppressive therapy. The antibiotic sensitivities of S. lugdunensis appear to be similar to those of methicillin-susceptible S. aureus. Prolonged treatment was necessary for two individuals, and therapy ranged from 10 to 30 days. In summary, this case series and relevant previous studies demonstrate that S. lugdunensis can cause skin and soft tissue infections which can be clinically analogous to those caused by S. aureus. Therefore, when S. lugdunensis is detected, it should be considered a potential cutaneous pathogen, especially in wounds occurring in older individuals.
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